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METHOD AND APPARATUS OF RECORDING OPTICAL INFORMATION 

BACKGROUND OF THE INVENTION 
(Technical Field) 

The present invention relates to a recording method and a 
recording apparatus for a multi-layer optical disk having plural recording layers 
and capable of recording and reproducing information optically in each 
recording layer. 

(Related Art) 

A wide variety of optical disks capable of recording and 
reproducing a huge quantity of information have been researched and 
developed. One of large-capacity optical disks is a double-sided optical disk 
consisting of two optical disks adhered together capable of recording and 
reproducing in both sides. However, in a field requiring frequent random access, 
for example, in video data recording media, aside from large recording capacity 
of optical disk, access to arbitrary data without turning over the sides is 
demanded, and the double-sided optical disk has a problem in this respect. 

Instead, a multi-layer optical disk is proposed, in which a large 
capacity of data can be recorded in one optical disk, there are two or more 
recording layers in a random access optical disk, and information can be 
recorded and reproduced from one side. 

For recording in recording layers of an optical disk, usually, since 
the recording layers are composed of phase change materials and organic 
pigment films, a laser beam is emitted to the recording medium surface to 
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^ In actual recording 

and reproducing of informafion ,n a P 
^en attempted to record m the recor 

----^^"“"terri:duetodi«erence.^ 

recording layer at recording layers at the 

characteristics m the reco reproducing operatton. 

and adverse effects may e gre considered. 

3 , contrast, ^ data in areas even if the are. 

ord during recording of data to matte the recorded 
, are judged impossible to rec characteristics, thereby 

teaching o.^^ 

catting uniform the power of the las 

01/18799 (ex. see Fig. 24)). g^„,,ally has a secdor structure, and 

such a rewritable op 1 .,„ an 

,5 recording is done in sector unit^ problems are involved. 

optical distthavingploral recording ■ gg, an 

Oeneraiiy.asectoriscompos 

addressareafie,auser area 120, 

For the satte of simpUoity of explana 

,0 providedinthemiddlebetweenthegapareat 

and 119- a 1 16 is an area having address information as 

The address are .^.a area 120 is an area for 

.,aentification signal of each secto . ^ paginning or end of the 

recording user data having a synchronizi 

data Within the sector. The test emission are 
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output for recording ^ p,e,ert«ng 

area 116 and test etrossi example, in the event of 

erasure of signal m the addr second gap 

adiustment of optical output in the test em.ss, ^ 
area 119 is disposed between the test em,^^^^ 

120, and has the same role as the first gj^^ eyaehronizing signal at the 

can be recorded with the same si 
beginning of the user 

120. The buffer area 121 IS an are 

motor of the optical disk drive. 

117. test emission area 118. ^p^aa, characteristic is 

5 recorded state is not confinuou , ,rom the laser beam 

source, and the power Therefore, same as 

farther position from the laser beam ^^^3 ^20 alone 

mlhe prior art, only recording the dummy dat 

Of hrro-iayer disk. Fig. 9A shows a strudure J ,,3 

« Ac QPcond recording iay®^ ''J • 

recording iayer 102 an ^^3 ^aaaod 

tn the power ot me 

description is made ^3,3 area is 

25 recordingareaincasethatinthefirstrecordingar 
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second gap area and buffer area are in 

in recorded state, and the first gap 
unrecorded state, and the middle po . 

TheareaSOtisanarealn^ichdatah.^- 

the area 502 is an area in which data has n 

1 oi The first recording lay®' 

composed of phase change maen , 3 ^,, i, in crystal state 

optical characteristic as shown in • is irradiated to the recording 

data is recorded. to each area in 

When laser beam ^ second 

r the laser beam reaching ea 

the sector, the power of ,syer 

5 recording layer 104 differs with the re^r ^ draracteristics 

to. This is because the first reoordingl.^^^ 

different in transmissivity between cry transmissivity than the 

ngtica, cnaractedstics, the amorphous state -g^e^ 

crystal state. of the first recording layer 102 Is 

" Ot .e .ser beam 402 reaches the second recording 

second recording layer , 3 ta is not recorded, the user 

25 . iayer 102, that is, the test emission area 
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. data is recorded entirely, and me boundary portion o, 

rareawbere data is recorded in part, respecb^ 

- - data area and 

When the laser beam 402 +hP areatest Accordingly. 

recorded or unrecor , reproduction signal or 

from the second recording ay 

other problem may be caused. 

— -~rrrc.-=r_--; 

capable of detecting sta n^missivity due to recorded 

’ r::i:rrr— 

“■ -“r-rr— 

data to an optical disk avi , h- k has a first recording layer and a 

20 can be recorded optically. 3 ,-,gnt source than 

33eondrecor.ng layer d.^ 

.efirstrecording lay. , 3 ,. to be 

circumference o, 3 n area in 

which data is recorded in the 
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second recording layer. , method of 

'" " . 3 p,,,3lity of recording layers in which 

recording data to an optical d,sk hawng ^ 

intomration can he recorded ophca y^ ^ ^ 

, iayer, and a second record, ng layer 

source than the f,rst recording layer. Th 
plural sectors, and each sector >nclu 

In a third aspec layers in which 

■ « oit.ralitv of recording iayei& 

,0 recording data to an ,-,k has a first recording 

indorsation can he recorded ^ ^ p„,«on fros a light 

iayer, and a second record, ng layer^ 

source than the f,rst — infornration, a ddving 
dnat emits a laser beam ^ .^e dnv,ng 

,, controllerthatdhvestheopt,c.h 

oontroller. vyhen record,ng ,i,eumference of a data 

oonducts a control so that a rad,us ^ , or less than a radius 

-cordahle range in the second tecor^^^^ ^^^^^^ 

of the outermost circumfereno 

20 recording layer. ,3 an apparatus of 

-afourth-Pe-ofthe,^ 

.cording data to an ,aK has a f,rst recording 

jofonnation can he recorded opt,ca y ^ ,,g„ 

,„„ ^ » 




7 



the optica, disk to record ,rforma ^ 

head, and a controller for contro m 

..ndoctstne control so tnatpredeternkneddumnrv 

buffer area. 

(Effects of the invention) hv recording dummy data in the areas 

according to the invent, on, by record g 
the sector, fluctuations of transmiss,v,ty are ^,m,n^^ 

the recording range and thus the power of the laser 

:r::c::r..ersmayhema.^ 

teproductlon can he reallzedlnafurther stable state. 

brief description of the draw apparatusapparatus 

Fig, 1 is a block diagram of an opt,c 

according to the invention. ^,ch 

.. o i, a structural diagram of an op 

.■0" when address information IS includ 

Fig. 3B is an explanatory diagram of wobble shape showing g 
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"1" when address information is included in the wobble shape of meandering 
track. 

Fig. 3C is a diagram showing address information composed by 
combining wobble shapes showing signals "0" and "1". 

5 Fig. 4A is a diagram showing a state of first recording layer 102 in 

which data is properly recorded in a method without dummy recording. 

Fig. 4B is a diagram showing a waveform of reproduction signal 
obtained when reproducing the second recording layer corresponding to the first 
recording layer shown in Fig. 4A. 

10 Fig. 5A is a diagram showing a mode of first recording layer in 

which dummy data is recorded 

Fig. SB is a diagram showing waveform of reproduction signal 
obtained when reproducing the second recording layer corresponding to the first 
recording layer shown in Fig. 5A. 

15 Fig. 6A is a diagram explaining a recordable range of second 

recording layer when the first recording layer does not have unrecorded sector. 

Fig. 6B is a diagram showing a waveform of reproduction signal 
from the second recording layer shown in Fig. 6A. 

Fig. 7A is a diagram explaining a recordable range of second 

20 recording layer when the first recording layer has unrecorded sector. 

Fig. 7B is a diagram showing a waveform of reproduction signal 
from the second recording layer shown in Fig. 7A. 

Fig. 8A is a diagram explaining a recordable range of second 
recording layer. 

25 Fig. 8B is a diagram explaining the recording end position of the 
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recording layer. 

“T==-"jr=-- 

referring to the accompanying drawings. 

j pr 310 for controlling it. 

„p«caidisMri.300^ 

^ Th P .,304 3 3ervocontrolciraiit305,adigmzat.on 

head 303, a iaser dnvmg c,r . ^ ^rnpensation 

circuit 306, a digital signai processing c.rcu,t 

““'“■‘tz”- » — » »“ “ ”, ~ r„ 

20 head 303 emits a iaser beam ^ ^.^ction signal 

electrically converte 

laser driving circuit 304 305 conducts the rotation control of 

optical head 303. The servo c 
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binary coding of the reproduction signal 306 

— ^ r: ::- a I slgnal synchron.ed 

has a PLL (not shown) m its inside, an 

with the binary coded signal. demodulates the binary 

The recording compen ^ 

data into optical modulated data compose modulated data, and 

5 transforms it into a recording ^ 

.ntrois the entire opti..^^^^^^^^ 

shown) and an operating system t 

reproduction to the optical disk drive 300. 

a date by thB ot^cal disK wsralus ° 

recording and reproduang da .entains a first substrate 101, a 

,1 rtisk 301 physically contains a 111 » 

embodiment. The optic r 104 and a second substrate 

, 109 a second recording layer 104, ana a 

first recording layer 10 , of the optical disk 301 . 

„ t05.Aclamphole106isformedinthecenterofth 
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104. The first recording y ,i„ 103 is UV hardened resin or 

-inQ and a data area i i'^- 

3 defect iist area t 08 , a spare area 109, a ,,3, 112, a 

secondrecording.ayer104inciudesaiead-,narea1 , 

... A sector 115 includes an addresser 

ofsectorsllfi. ,,33 119, a user data area 120, and a 

a test emission area , ^ ^,3 3ddress information. Usually, 

puffer area 121. The address area 1 h 
signal is not recorded in the first gap 

synchronizing Signal at the beginning or end and 

area 121 ’’'*“7" “^'o^rseco recording layer 104, 

ir. thp first recording layer 102 

!0 fnr example, 1-7 modulation 

formation recorded 

10,3 is recorded materiai of the recording layer with the power of the 

"“-rr 




12 



, er 104 is recorded or reproduced by tbe laser beam 
second recording layer ^„bodiment, the recording 

passing through the first recor mg 

‘-"“IT":— 

pigment film. Also m the em 

Circumference to the -cording layer Is started from the 

subsequently the recording However the recording may be 

also started from the second recording 

by concavity and convexi y P roncavity and convexity pits. For 

‘--by -ethod other 

example, as shown in i. j^cture for forming the track itself. In 

digital signal) may be containe m (^rrtained in the wobble 

shape of meandering track. Fig. 3A and ig. ^ The 

702 composing address information sign distinguished, 

difference in wobble shape allows the sign.s 0^^ 

Fig. 3C shows the address information information 

” r::— — 

amethodwithconcavityandconvexitypits. 




13 



u- hv the CPU 309 executing a speafied 

»- *«. - » 

“ "•“■"'I 

„3,recordjg J of light (transmissivity) passing through the first 

state), and the ,,e second recording iayerl 04 (the recording 

recording layer 1 02 and reach, g 

layer remote from the laser ea la^er 102 to the reproduction 

•.--—•““rrr .i: -.•»«■ 

signal from the second recor 4A and 4B and Figs. 5A and 

specifically desaibed below while refernng to F,gs. 

5B. 



■ h ch data is recorded properly in a method without recording ummy 
'"7 r‘s a diagram showing the waveform of reproduction s,gna. 

7lnedlm the reproduction of the -nd " '^"^^the 

.eproduaon signal ^ responding area of the second 

recording layer 102 s own ^ 

reoorfinglai^ As »how"^ ,Ae area ol ths ssconl res“A“A0 

a*re« 
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.ina to the area of the f,rst recording layer 102 in r«hich the 
layer 104 corresponding second 

Hert and the reproduction signal from the area 
data IS record , 3 ^^, 102 in 

recording layer 104 corresponding tot 

^ich data is not recorded. ^ ^,3 

Herein, as shown m Fig. 5A, ^ 

embodiment records both desired data 202 and dumnny 

.recorded area Of the First recording layer 

— Of the second recording 

“T : rthreigna, .eve, of the reproduction signal from the 
,e,own from Fig. ^ 3 ^ 3 , ding. The 

second recording Fig. 4B 

reproduction Signal waveforms from the sec _ ^ 

5 second .cording layer is in unrecorded state 

second recording layer is not taken into conside^ 

Herein,amark203apositione- 

tt,e test emission area 118 or se^^n 

positioned at the start of the recor ^ 

,0 — withapredetermlneddistan^ 

e mark 202b positioned at t e end . th 

d. d Fof example, 

Description is made to the mark spacing distanced. 
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, t of which recording mark iength ranges from 3T to 11T, the 
assuming data o Therefore, the mark spacing 

stance between martrs is aiso ^ 

distance d is preferred o ^ 

deviation due to disk me ina ^ ^ , 

5 spacingdistancedexceemg^^^.^^^^^^^^^^^^ 

,ange of 22T, that is, two ^ , ,3 

,„ ::rr.*r-L 

specified moduiationruie, 3 „d a beginning address area 1 16 of 

next sector, an unrecorded space Of a ne 

.Tisreservedinordertopreventsignaierasureo.^^^^^^^^^^^^^ 

shown in Fig. 4B, when dummy signai is n 
'' ,n2 the power of the iaser beam reaching the secon 

first recording iayer 102, P . . optical characteristics 

recording layer 104 differs due to diffem^^ reproduction 

between the -“"7 BT-Tast, as shown in Fig. SB, when dummy 
signai waveform is disturb . ^ ^Pe 

20 data is recorded in the first recor g 

oharactehstics are unfiorm, and the power intensity Of 

the second recording layer 104 IS uniform. 

H»ta is recorded when the user re 
Dummy data on 
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. i, achieved by recording the dummy data 

formattingtheopticaidish. The object ,s achrev 

no. to erase the adjacent data or not to 

that for recording normal data so as 

Change the transmissivity in the addressarea. 

Dummy data recording area tndudes the 

118 the whole area of the second gap area , 

r:::— 

somewhat lowered, dummy d^a may be^ 

gap area 117 and buffer area . ■ erased by dummy 

a „ Fios 3A to 3C, the address informat, on ,s not erased by 
e.p,a,ned ,n P,gs^ - ^ „ an area 

5 data recording, a . s more effective. Dummy data may be 

other than the user data area and ,t ,s more e^ 
synchronizing signal or arbitrary random signal 
of the user data. 

20 (Setting of Recordable Range on Second ^ by 

.. Fio 6B shows a reproduction signal waveform from 

25 ends in block units. Fig. 6B shows 




17 



second recording layer 104 in the state "" sd of 16 

,0, ocMOf ia an error conect -^^^^^^^ 

sectors, andaddedwithoodesfordetectron ,3^,,sd data, 

signal reproduction. A sector group 404 ,s a re^ 

and first recording layer 102 is 

,-• RA the whole area of the Tirsi 

'■ .ofthelaserheanrreaching the second recording 

recorded, and thus the powe duction signal waveform 

from the second recoMng Accordingly, for recording the 

second recording I y ,^3 ^fro,e area on 

atanyradlalposifion. ^ 3,33 A03. If the whole area of the 

- second recording 3,33 ^03 of the 

first recording layer 102 IS in unre 

, secondrecordlnglayershouldhethewholearea.^^^^^^^^^^^^^^^^ 

.ext, setting Of recording range in 

is explained when the remaining J 33 , 3 ^ 3„e block, 

i„.edes a few, that is, small number of sectors that ^ 

as shown in Fig. 7A. Suppose the whole recording 

s In Fin 7A the unrecorded area 
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, ... second recording layer 104, data is 
circontterenoe. Ao^raingiy, sdilting to ,,, 

recorded, but since the first record, ng a 
and unrecorded sectors 405 together, u 

,e power o, the laser bea.4Care^.-se^^^^^^^^^ 

differs, and the reproduct, on s,gn^ ^ ^^„ge 

^"rlo-I^-range 

403 of the second record, ^02. The 

sante radius) as the recording rang 
recordable range 403 is determined rega ^ 

state of the second ^ of the power of the 

,3,sr 104, data can be record ^3„ ,e 

,3ssr beam 402, effects of disto ,o ^ 

lessened. Usuatiy, the unrecorded po , ^ 

less than one block, but a small fraco 

,5 final stage of recording, for examp ■ 

planned due to use of next sector incase 

effects of flaw or dust during recording oper 

+1^0 rpcordabls ranQ© ot 

t eal head 303 of the optical disk apparatus moves 
r04 is determined, the op , ,,,,, Terence of the optical disk 

20 from the inner circumference ^ ^ 

during recording of the first recor , recording of the 

second recording layer 

recording layer is terminated. ^^eond 

Instead of making 
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in the first recording layer 102, 

recording layer 104 equal to the recording 
33 .O^n -,n n. BA, .e .co.a.e ^ 

104 may be determined m a area . position of the 

recording area of the laser beam 

ioside position by about the spot ra lus .it^rnference of 

is focused on the second recording ay determining 

r cprond recording layer 

toe recording area o ^ the firs 

uneven transmissivity eliminated, and 

recording layer 102 on the second recordig 

stable recording is realfeed. ,3^3^ 104 

Next, the operation of recor 

r:rr:r:ri™— 

defectlnformationofsector. ,3, er 102 is over, the optical 

vvnen recording o ^^^^33 

20 ‘° ''Itrlrlolrmosisectoroftherecor^^^^^ 

instruction of the CPU 309. ,3^3^ 104 is 

- — ^'"ridiss— 

25 recorded with data by converting the 
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me position information. ^ ^2, spare 

area 109 or spare area • The 

information regarriing the recording particularly 

„ nf the second recording layer lu 

recording start position ^^3 R^^^ping 

------ 

rrr::----— 

data is not recorded ,ayers ,s 



4. variations determining the recording 

in the embodiment, on y 

method, such as focusing of the recordi g y ^ 

a«er reproduction Of the recording area 5^as^^ 

relation coincides in the recr^d^ 

layer 102, if the recording area 
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area of the recording layeM02 is recorded by 

.soexpanded, « ^ recording iayer 104 is not 

overwriting, the recording rang 

,0 ,pe embodiotent, if the oven«nting range 

orpa 501 before overwriting, 

““ .--.--■“-“rrrr: 
r n- — ^ ~ r::.”- - " 

passes through the recording are 

,P ease that data recording is ^art 

layer 104, after completion of the data reco g foliowing controi 

„ i>^“* 

recording iayer 102 can be imi 

greater than) the recordable area of se 

me first recording layer 102 is deter 

,, alwayspassesthrooghtherecordableareainthefir 
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, 104. The radius of the outermost 

eircumferenceoftherecordahieareainths^. ^ 

egua, to or more than the rad.s „t 

recording area in the second recor r g 

— :::rrr:.^— 

recordingareainthesecondrecding.aver104. 

(industrial Utilization) Hs to the optical disk apparatus for 

,0 - — '^Crcara." Of recording a^^ 

recording information in an^op^^^^ ^ ,,,,, o, 

information optica y. ^^,ding layer 

recording layers, and the powe 

displaced at a farther position from a laser e ^riditions. 

30thatrecordingandreproductioncanbedone 

with specified embodiments thereof, present 

appiications are apparent to those skiiie m ^ 




